BACKGROUND: Treatment for overactive bladder (OAB) remains suboptimal, in part because of patient nonadherence to medications. Primary nonadherence is when patients fail to pick up their initial prescriptions.
O veractive bladder (OAB) is a symptom-driven condition characterized by urinary urgency, usually with frequency and nocturia, with or without urgency incontinence, in the absence of urinary tract infection (UTI) or other obvious pathology. 1 OAB represents a substantial burden of illness, since it effects physical, psychological, occupational, and social aspects of daily living. 2 Individuals with OAB are at greater risk for falls with or without bone fracture, UTIs, and nursing home admissions. 3, 4 OAB has a clinically significant negative effect on an individual's health-related quality of life, quality of sleep, productivity, and mental health. 2, 5 Population-based studies indicate that the prevalence of OAB in the United States is 27.2% in men and 43.1% in women. 6 The incidence of OAB is highest in the elderly. 6 In the coming decades, the economic and humanistic burden of OAB is expected to increase in the United States, since the proportion of individuals aged > 65 years is predicted to rise from 13% in 2010 to > 20% in 2050. 7 In 2007, total costs of OAB (direct and nonmedical) in the United States were estimated at $65.9 billion. 8 These costs are projected to reach $82.6 billion in 2020. As the population ages, the increasing costs of OAB are likely to be driven by direct medical costs. 8 In the United States, this may create a substantial financial challenge to the Medicare program, which is responsible for the health care of most Americans aged ≥ 65 years. 8 • Population-based studies indicate that the prevalence of overactive bladder (OAB) in the United States is 27.2% in men and 43.1% in women.
• Effective medications for OAB are available in the United States, but treatment remains suboptimal due in part to patient nonadherence to medications.
What is already known about this subject
• The majority of research on medication adherence in the OAB population has focused on secondary nonadherence.
• Individuals who were primary nonadherent were compared with those who were primary adherent, and factors associated with primary nonadherence to OAB medications were identified.
• Patients who were primary nonadherent were female, younger, had fewer comorbid conditions, were healthier, and had less concomitant medications and prescriptions dispensed in the past year compared with adherent patients.
• Factors such as female gender, commercial insurance, race other than white, Charlson Comorbidity Index scores, depression, urinary tract infection, skin conditions, falls, vulvovaginitis, and substance abuse were associated with higher likelihood of primary nonadherence versus primary adherence.
What this study adds
that provide integrated, comprehensive medical services. Each KPSC member has a unique medical record number that can be used to link various clinical and administrative databases, including membership, drug benefits, medical and hospital encounters, laboratory test results, and pharmacy-dispensing records. All aspects of patient care and interactions with the health care delivery system are captured in a continuously updated, comprehensive EMR system, and care delivered in non-KPSC settings is also captured by the claims system. This information is available for research purposes. All data used in the current study were de-identified. The study was approved by the institutional review board for KPSC.
Design and Study Population
Patients with new OAB prescription orders between January 1, 2007, and December 31, 2013, were identified. The index date was defined as the first order of an OAB prescription within that time period. Inclusion criteria were age ≥ 18 years on the index date and continuous membership and drug benefit eligibility for 12 months before and after the index date. Exclusion criteria were history of a dispensed or ordered OAB prescription within the 12 months before the index date or 2 or more outpatient or 1 or more inpatient International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes of cancer, chemotherapy use, hospice, radiation, dialysis, chronic kidney disease stage 5 or glomerular filtration rate of < 15 mL/min, or any organ transplant surgery within the 12 months before the index date ( Figure 1 ). These exclusion criteria ensured the identification of new OAB prescription orders and the preclusion of patients with severe comorbidities, which may effect initial adherence. Only electronic orders intended to be dispensed at a KPSC pharmacy were included, since we were not able to determine whether paper prescriptions were picked up at a non-KPSC pharmacy.
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Medication Orders
Prescription orders are placed and routed electronically to the KPSC Pharmacy Information Management System. Prescriptions sold through KPSC pharmacies are linked with EMR orders through an established electronic interface, allowing for the identification of those patients who had a prescription ordered but who never picked it up. The system also captures cancelled orders, which were identified and excluded.
Primary and Secondary Outcomes of Interest
The primary outcome was to assess the percentage of patients who were primary nonadherent to their new OAB prescription orders. Primary nonadherence was defined as the failure to pick up a new prescription within 30 days of the index date, and adherence was defined as picking up a new prescription within 30 days of the index date. In the absence of a Treatment of OAB is aimed at managing symptoms and OAB-related comorbidities. Effective medications for OAB are available in the United States, but treatment remains suboptimal, in part because of patient nonadherence to medications. 9 The majority of research on medication adherence has focused on secondary nonadherence, which occurs when a patient discontinues a medication after filling the initial prescription. Primary nonadherence occurs when a prescription for a new medication is written for a patient, but the prescription is never filled or dispensed. The patient may not take the prescription to the pharmacy, or the patient may take the prescription to the pharmacy but not pick up the medication. 10 The advent of electronic medical records (EMRs) has improved tracking of medication records, which facilitates quantification of primary nonadherence. 10, 11 Recent reports suggest that primary nonadherence to medication for chronic diseases is prevalent, [12] [13] [14] [15] [16] ranging from 15.4% of patients who do not pick up their statin prescriptions within 90 days of the order date to 29.5% of women aged ≥ 55 years who do not pick up their bisphosphonate prescriptions within 60 days of the order date. 12, 13 Failure to initiate a medication for a chronic condition may lead to poor patient outcomes and substantial long-term health care costs. 17 Previous studies on nonadherence in OAB have investigated secondary nonadherence and other treatment patterns, such as switching, discontinuation, and persistence. 9 Identifying and understanding the factors associated with primary nonadherence to OAB medication will inform the development of targeted interventions to improve the use of pharmacotherapy and provide an important opportunity for clinicians and health plans to improve quality of care.
The objective of this study was to measure primary nonadherence to OAB medications within 30 days of a first OAB prescription order using EMRs from a U.S. managed care health care system. Individuals who were primary nonadherent were compared with those who were adherent, and factors associated with primary nonadherence to OAB medications were identified.
■■ Methods Study Setting and Data
This was a retrospective cohort study of patients with new OAB prescriptions in the Kaiser Permanente Southern California (KPSC) database. KPSC is a nonprofit, integrated health services delivery system with approximately 4 million health plan members; it is the largest of 8 regions in Kaiser Permanente. In 2015, an estimated 1.9% of patients in the KPSC database had an OAB diagnosis. The population served by KPSC is socioeconomically diverse and broadly representative of the racial/ ethnic groups living in Southern California. 18, 19 The KPSC database is drawn from the KPSC system of approximately 14 hospitals and 197 outpatient clinics, which are facilities standardized definition of primary nonadherence, these definitions of primary nonadherence and adherence were considered appropriate for this study, since they were based on clinical input from pharmacists and urologists. The definition was conservative, considering that evidence shows that most patients pick up their medications within 2 weeks of a prescription order. 20, 21 The secondary outcome was to identify patient factors, including gender, age, race, Charlson Comorbidity Index (CCI) score, OAB-related comorbidities, risk factors for OAB, 
OAB Study Population Attrition Diagram
Patients with an OAB EMR prescription ordered any time between January 1, 2007, and December 31, 2013 .
Index date = first Rx for OAB during this time period n = 52,262
New users (no OAB Rx) during the 12 months before index date n = 16,203
Continuous membership enrollment with drug benefit eligibility at least 12 months before and after index date n = 11,685
Aged 18 years or older on index date n = 11,415
Final OAB Rx incident patients n = 10,123
Exclude patients on any OAB Rx in the previous 12 months n=36,059
Exclude patients who do not have continuous membership with drug benefits before and after index date n = 4,518
Age criteria not met (aged < 18 years) n = 270
Exclude patients with any chemotherapy medications, cancer, radiation, hospice, CKD stage 5, GFR < 15 mL/min, dialysis, or organ transplant within 12 months before index date n = 1,292
OAB Rx order was cancelled by the prescriber before it was sold n = 1,073 concomitant medications, body mass index (BMI), and average electronic number of any previous prescriptions filled from the KPSC pharmacy database, associated with primary nonadherence versus adherence. Risk factors for OAB were identified through a literature search and were confirmed by KPSC physicians.
4,5,22-26
Statistical Analyses
A patient-level analysis was conducted, where the primary outcome of interest was primary nonadherence. Primary nonadherent patients were compared with adherent patients. Descriptive statistics were used to assess baseline differences between the primary nonadherent and adherent patient groups using a two-sided t-test for continuous variables, and tests of proportions were used to compare categorical variables. If the frequency of the variable was < 5, then Fisher's exact chi-square test was used. Age was calculated using date of birth closest to the index date. Baseline factors such as comorbidities for CCI, OAB-related comorbidities, and risk factors were identified using ICD-9-CM codes during the 12 months before the index date where the discharge diagnosis code was in the primary or secondary position. BMI was identified from medical claims where it is input electronically, and the closest BMI before the index date was used. Concomitant therapies were identified 12 months before the index date as dispensed and sold prescriptions to the patient using the pharmacy claims database (Table 1) . A stepwise logistic regression model using backward selection was used to identify factors associated with primary nonadherent versus adherent patients. We used a stepwise method (P entry ≤ 0.30, P stay ≤ 0.35) to select variables. All data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC). P values < 0.05 were considered to be statistically significant.
■■ Results
During the study period, 52,262 patients received an OAB prescription order. Of these, 9,050 patients met the inclusion criteria. Most of the exclusions resulted from patients who had an OAB prescription within the 12 months before the index date (Figure 1) . Of the 9,050 included patients, 1,662 (18%) were identified as primary nonadherent.
The unadjusted baseline characteristics of the study population, stratified by adherence status, are shown in Table 1 . Univariate analysis revealed statistically significant differences between primary nonadherent patients and adherent patients. Primary nonadherent patients were younger (mean age 56.9 [standard deviation ± 16.0] years vs. 63.9 [SD ± 14.8] years, P < 0.0001); less likely to be white (35.9% vs. 51.7%, P < 0.001); and more likely to have commercial insurance (65.9% vs. 46.2%, P < 0.001). Primary nonadherent patients had fewer comorbid conditions overall; were healthier (mean CCI score 1.99 vs. 2.70, P < 0.001); were less likely to have OAB-related comorbidities, including benign prostatic hyperplasia (9.1% vs. 14.3%, P < 0.001), depression (19.1% vs. 25.6%, P < 0.001), and 
Risk factors and comorbidities were identified based on ICD-9-CM codes. BMI = body mass index; CCI = Charlson Comorbidity Index; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; OAB = overactive bladder; PDE5 = phosphodiesterase type 5; Rx = prescription; SD = standard deviation.
TABLE 1
Baseline Characteristics of Adherent and Primary Nonadherent Patients with OAB (continued)
Primary nonadherence has been investigated in a variety of chronic conditions, providing a range of results. In patients with cardiovascular disease or osteoporosis, primary nonadherence rates were 15.4% for statins within a 90-day study window and 29.5% for bisphosphonates within 60 days of the prescription order date, respectively. 12,13 Across 10 therapeutic drug groups, primary nonadherence rates were 9.8% within 14 days of the prescription order date, reaching 22.4% for osteoporosis medications and 22.3% for antihyperlipidemics. 16 In patients prescribed an antihypertensive, an antidiabetic, or an antihyperlipidemic, primary nonadherence rates were 7%, 11%, and 13%, respectively, within an 18-month period. 27 In the clinical setting, 16.6% of patients with type 2 diabetes were initially nonadherent to metformin. 15 These results are comparable to this analysis of OAB patients.
Notably, all these studies were conducted at Kaiser Permanente. The closed network health care delivery systems used in the analyses capture patient health care utilization data in EMRs, including the ordering and dispensing of medications; therefore, they are ideally suited for measuring primary nonadherence rates. Increasing use of electronic prescribing and EMRs will facilitate the identification of primary nonadherence rates for more chronic conditions in a variety of health care settings. 12 Differences in findings between the current and previous studies are likely because of dissimilar patient populations and definitions of primary nonadherence. 12, 13, 15, 16, 27 A standardized definition of primary nonadherence may aid in future research. Evidence shows that most patients pick up their medications within the first 2 weeks of the index date 20, 21 ; therefore, a study period of 14-21 days may be most appropriate. The use of 30 days in this study was a conservative approach and was based on clinical input from pharmacists and urologists. A standardized definition of primary nonadherence will require appropriate validation across different patient populations and prescribed drugs before it can be applied in clinical research.
Patient-reported reasons for OAB medication discontinuation include side effects, low efficacy, insurance limits, and lifestyle incompatibility/inconvenience but do not include cost, suggesting that patients may need more education and support from physicians to encourage persistence. 28 The most common reasons reported by cardiovascular patients for primary nonadherence were general concerns about taking the medication, a decision to try lifestyle modifications, and fear of side effects, and some patients reported inadequate health literacy. 29 In adults with chronic disease, reasons for not filling a new prescription and nonpersistence include financial hardship, fear of side effects, general concerns about medications, lack of perceived need, change in health benefits, and the belief that the condition is not life threatening. 30 Predictors of primary nonadherence identified in previous research include nonformulary status of medications, residence in a low-income skin infections (3.8% vs. 5.4%, P = 0.010); and had fewer risk factors associated with OAB, including Alzheimer's disease/ dementia (2.5% vs. 3.7%, P = 0.015), congestive heart failure (1.4% vs. 3.7%, P < 0.001), diabetes mellitus (13.8% vs. 20.5%, P < 0.001), diuretic use (14.7% vs. 24.4%, P < 0.001), hypertension (37.6% vs. 55.7%, P < 0.001), ischemic heart disease (6.0% vs. 9.58%, P < 0.001), multiple sclerosis (1.2% vs. 2.2%, P = 0.008), Parkinson's disease (0.7% vs. 1.7%, P = 0.001), and stroke (2.4% vs. 3.9%, P = 0.003). Primary nonadherent patients also had fewer concomitant medications and prescriptions dispensed within the 12 months before the index date (P < 0.005).
Index OAB therapies prescribed to patients are shown in Table 2 . Oxybutynin, in various forms, accounted for 74.8% of all patients' prescriptions, while trospium, in various forms and the second most frequently prescribed medication, accounted for 19% of all prescriptions. Significantly less oxybutynin (capsule, tablet, and syrup) and significantly more trospium was prescribed to primary nonadherent patients, compared with adherent patients (oxybutynin, 38.2% vs. 43.6%, P < 0.001; trospium, 21.1% vs. 16.2%, P < 0.001). In terms of prescriber specialties, primary care, obstetrics/gynecology (OB/GYN), and urology accounted for 93.2% of the prescriptions (Table 2) . Of these specialties, only OB/GYN had a significantly higher proportion of primary nonadherent patients than adherent patients (proportion of primary nonadherent patients 25.6% vs. proportion of adherent patients 17.1%, P < 0.001).
In the multivariate logistic regression model (Table 3) , a lower CCI (CCI = 0 vs. CCI ≥ 2) was associated with 70.6% higher odds of primary nonadherence. Commercial insurance (24.2%); any other race than white (34.8%-61.4%); OABrelated comorbidities; UTIs (34.3%); and falls, fractures, or related injuries (28.9%) were associated with higher odds of primary nonadherence. OAB risk factors of age, hypertension, and multiple sclerosis were associated with lower odds of primary nonadherence. The final model had a c-statistic of 0.736.
■■ Discussion
To the best of our knowledge, this is the first study to evaluate primary nonadherence in patients with an OAB prescription order in an integrated health care delivery system. The distribution of index OAB therapies in this study was driven by the formulary design at KPSC. The percentage of primary nonadherence to OAB medications was 18% within 30 days of the prescription order date. Primary nonadherent patients were mostly female, younger, had fewer comorbid conditions, were healthier, and had fewer concomitant medications and prescriptions dispensed in the past year compared with adherent patients. Factors such as commercial insurance, race other than white, CCI = 0 vs. CCI ≥ 2, UTIs, and falls were more likely to be associated with primary nonadherence versus adherence and were found to be statistically significant.
strategies to support medication adherence should be personalized. In patients with multiple chronic diseases, adherence may be improved by financial assistance, such as reducing drug cost sharing. 34 Copayment should be investigated in future studies, since it may be a strong predictor of primary nonadherence. Younger patients and other patients interested in digital solutions may be engaged with text alerts and reminders. 35 KPSC currently uses digital solutions for primary nonadherence in other disease areas.
Early detection of primary nonadherence and appropriate interventions have the potential to alleviate some of the clinical, economic, and humanistic burden of chronic diseases. Interventions that have successfully reduced primary nonadherence include telephone calls from pharmacists encouraging patients to pick up their prescriptions and educating them on the importance of their treatment and an automated reminder in the form of a telephone call followed by a letter reinforcing the reasons to use medications. 36, 37 The findings of this study suggest that efforts to improve follow-up care and increase interactions between physicians, pharmacists, and patients could reduce primary nonadherence rates. Within an integrated system, such an interaction may be as simple as creating an automated call to patients who are not picking up their prescriptions. The factors associated with neighborhood, method of prescription transmission to the pharmacy, medication class, and cost; similar factors should be investigated in future studies of primary nonadherence in OAB. 14, 31, 32 Characteristics of primary nonadherent patients vary across studies. Patients with primary nonadherence to statins were younger and healthier, with fewer comorbid conditions, concurrent prescriptions, hospitalizations, and clinic and emergency department visits than patients who were adherent. 12 In osteoporosis patients, older age and emergency department visits were associated with increased odds of primary nonadherence, while prescription medication use and hospitalization were associated with lower odds. 13 This study suggests that primary nonadherent OAB patients are usually young, otherwise healthy, females. This demographic may perceive little benefit from taking OAB medication and assume lifestyle changes are adequate to manage the condition. 33 Older OAB patients with more comorbid conditions may have greater interactions with their health care providers, which could effectively improve medication adherence.
These observations indicate that interventions to improve primary nonadherence to OAB medication should focus on younger patients, even though OAB is considered more prevalent in the older population. Emerging evidence suggests that primary nonadherence identified in this analysis may act as a guide to health care providers when targeting such calls; however, effective interventions should be patient specific.
Further studies are needed to better understand barriers to initial prescription pick up and to inform the development of effective interventions. Knowledge of primary nonadherence rates is valuable for health care systems, health care providers, and researchers. It provides the first step towards identifying patient-, physician-, and health system-level factors associated with primary nonadherence, all of which have important implications when developing interventions. Health care systems, pharmacies, primary care providers, obstetricians, gynecologists, and urologists should be aware that 18% of OAB patients are not picking up their initial prescriptions and should be provided with opportunities to propose and implement interventions and contribute to future research on primary nonadherence.
Limitations
This study has a number of limitations. First, the limitations associated with retrospective analyses exist when conducting observational studies of medication adherence. In this study, patients were not interviewed to determine reasons for nonadherent behavior. Second, several factors noted as predictors of primary nonadherence in studies of other prescribed drugs were not assessed in this study, which may have affected the logistic regression model. Third, the analysis was restricted to patients with a prescription drug benefit; therefore, the results may not be applicable to individuals without a drug benefit. Fourth, prescriptions filled at a non-KPSC pharmacy were not captured. In a previous study conducted at KPSC, 20% of primary nonadherent patients reported filling their statin prescription at a non-KPSC pharmacy. 29 Fifth, claims data do not capture nonpharmacologic interventions that primary nonadherent OAB patients may have used instead of pharmacotherapy. Sixth, although KPSC membership is socioeconomically diverse, this study only sampled patients from 1 integrated health plan and in 1 geographic region, so the results may differ from those in other regions and from other types of managed care organizations. Finally, these results may have limited generalizability to patient populations in nonintegrated health care systems. This is the first study reporting on primary nonadherence to OAB medications, and it has a number of strengths. The study was able to identify a relatively large and racially diverse population of patients with new OAB prescription orders; KPSC members generally reside within 7 of the most populous counties in Southern California. 12 In addition, the study captured a comprehensive set of clinical and demographic characteristics for patients and information on prescriber specialties, allowing a number of factors potentially associated with primary nonadherence to OAB medications to be identified. This study was able to capture all prescription transactions between the EMR and the dispensing pharmacy and to report on all sold prescriptions, which minimized the risk of incorrectly identifying patients who filled their prescriptions at a non-KPSC pharmacy as primary nonadherent.
■■ Conclusions
In this study, we found that nearly 1 in 5 patients did not pick up their new order of OAB medication within 30 days of the order date. Primary nonadherence has been recognized as a substantial health care burden, and it is important to understand barriers that result in patients not picking up their new prescription orders. Future research is needed to determine patient-specific reasons for primary nonadherence. This study found that younger patients without significant risk factors were highly associated with primary nonadherence to OAB medications. Novel interventions are needed to improve primary nonadherence in the OAB population. 
